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REMARKS 

This is in response to the Final Office Action mailed June 20, 2007. Claims 1-28 are 
presently pending. The Applicant thanks the Examiner for indicating that claim 27 would be 
allowable if rewritten in independent form. The Applicant requests entry of this response in view of 
the new rejections of the present claims. 

The Applicant thanks the Examiner for the telephonic interview on September 6, 2007. 
During the interview, the Del Corno and ll'ichev references were discussed and the Applicant 
explained (as described in more detail below) that one of ordinary skill in the art would not consider 
combining these two references because the slow saturable absorber of ll'ichev does not provide 
passive mode-locking as required in Del Corno. The Examiner agreed that this argument is 
sufficient to demonstrate non-obviousness over the combination of Del Corno and ll'ichev. 

$103 Rejections 

Claims 1-26 and 28 are rejected under 35 U.S.C. 103(a) as being unpatentable over Del 
Corno et al., Optics Letters, 15, 734-6 (1990) (" Del Corno") in view of ll'ichev et al., Proceedings 
of Nonlinear Optics: Materials, Fundamentals, and Applications Topical Meeting, 1 13-115 (1998) 
("ll'ichev) and further in view of Bai et al., Applied Optics, 36, 2468-2472 (1997) ("Bai"). The 
Applicant traverses these rejections. 

Claims 1 and 13 recite a laser comprising a passive negative feedback (PNF) element 
and a saturable absorber (SA) element that has an absorption recovery time which is longer than an 
output pulse duration. Claim 1 also recites that a location of the S A element is variable so that the 
SA element can be positioned between different pairs of other components of the laser and the 
output pulse duration can be varied by varying location of the SA element. Claim 13 recites varying 
a position of the SA element so that the SA element is sequentially positioned between different 
pairs of other components of the laser, whereby the output pulse duration is varied. 

The Office Action acknowledges that Del Corno does not teach or suggest that the SA 
element has an absorption recovery time that is longer than an output pulse duration (i.e., a "slow" 
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SA). Office Action, p.3. The Office Action turns to U'ichev which describes a slow SA and asserts 
that one of skill in the art would modify Del Corno to include the SA of U'ichev and, thereby, 
render the inventions of claims 1 and 13 obvious. 

First, the Applicant respectfully submits that one of skill in the art would not combine 
Del Corno and U'ichev as suggested in the Office Action. Del Corno discloses an active-passive 
mode locked Nd:YAG laser. The Del Corno laser utilizes a dye cell that acts as a saturable 
absorber. The dye cell is a fast SA with an absorption recovery time (6-9 ps - see p. 960, Col. 2, 
lines 5-7 of accompanying article by von der Linde et al., IEEE Journal of Quantum Electronics, 9, 
960-1 (1970)), that is shorter than the output pulse duration (10-30 ps). The Del Corno laser uses 
the passive mode-locking capabilities of the fast SA. Passive mode locking using a SA requires that 
the absorption recovery time of the SA is shorter than the output pulse duration. (See, p. 53 1 , third 
full paragraph of W. Koechner, "Solid-State Laser Engineering", Chapter 9.2 Passive Mode 
Locking, Springer Verlag (1999) and p. 960, first paragraph of von der Linde, et al., IEEE Journal 
of Quantum Electronics, 9, 960-1 (1970), both of which accompany this Response.) 

In contrast, a slow SA, such as that described in U'ichev, does not passively mode-lock. 
The Cr 4+ :YAG crystal of U'ichev has an absorption lifetime on the order of 3-8 p.s (see, e.g., p. 3, 
lines 1 8-1 9 of the present patent application.) This is substantially longer than the picosecond 
pulses described in the present patent application or in Del Corno and much longer than the 
approximately 10-100 ns roundtrip time for the resonator. The slow SA can be used for Q- 
s witching, as described in U'ichev, but it will not provide passive mode-locking. 

Accordingly, one of skill in the art would not consider it obvious to utilize the slow SA 
absorber of U'ichev to modify the laser of Del Corno because he Del Corno laser utilizes the passive 
mode-locking capabilities of the fast SA. The slow SA of U'ichev can not provide passive mode- 
locking. Bai uses the same Cr 4+ :YAG SA as U'ichev and so does not address these deficiencies of 
Del Corno and U'ichev. 
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Second, in contrast to the assertion in the Office Action, Bai does not teach or suggest 
positioning the SA element between different pairs of components of the laser as recited in claims 1 
and 13. Bai only discloses small variations in position of the SA away from the output coupler (OC 
of Fig. 1 of Bai.) Bai, p. 2470, first partial paragraph. Thus, the SA element is always between the 
output coupler (OC of Fig. 1) and the concave curved mirror (CM of Fig. 1). Moreover, the 
variation in distance is only at most 7 mm of the 3.5 cm (see, Bai, Fig. 1) distance between OC and 
CM. Bai, p. 2470, Col. 2, lines 4-5 and Fig. 1. 

Finally, Bai teaches against positioning the SA between any components other than the 
OC and CM. In particular, Bai states: "When the saturable absorber was placed in the long arm of 
the laser, Q-switched pulses were never observed. ..." Bai, p. 2469, Col. 2, lines 21-30. The only 
components in the short arm of the laser, where the SA is positioned according to Bai, are the OC, 
SA, and CM. 

Accordingly, Bai fails to teach or suggest positioning the SA element between different 
pairs of components of the laser as recited in claims 1 and 13. The other references do not address 
these deficiencies of Bai. 

Therefore, Del Corno, Il'ichev, and Bai, alone or in combination, fail to teach or suggest 
every element of the claims. For at least these reasons, claims 1 and 13, as well as claims 2-12 and 
14-27 which depend therefrom, are patentable over the cited references. The Applicants 
respectfully request withdrawal of the rejections of these claims. 

With respect to claim 28, the Office Action acknowledges that Del Corno, Il'ichev, and 
Bai do not teach that the SA is located between the PNF element and the AOML as recited in claim 
28. Office Action, p. 5. The Office Action asserts that placement of the SA between the PNF and 
the AOML is a matter of design and would be obvious to one of ordinary skill in the art. 

The Applicant respectfully submits that placement of components within a laser cavity 
are not necessarily simply a matter of design, but instead may substantially impact the operation of 
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the laser. This is particularly evident in, for example, the laser of Bai where Bai teaches that the SA 
must be placed within 7 mm of the output coupler (OC of Fig. 1) to provide Q-switching. Bai states 
that beyond 7 mm, Q-switched pulses disappeared. Bai, p. 2470, Col. 2, lines 3-5. Bai also states 
that Q-switched pulses were not observed when the S A was positioned in the long arm of the laser. 
Bai, p. 2469, Col. 2, lines 21-25. Thus, Bai demonstrates that position of the SA is not necessarily a 
matter of design. 

Accordingly, Del Corno, Il'ichev, and Bai do not teach or suggest every element of 
claim 28 and, in particular, do not teach or suggest position the SA between the PNF element and 
the AOML. Nor is this positioning necessarily a matter of design. For at least these reasons, claim 
28 is patentable over the cited references. The Applicant respectfully requests withdrawal of the 
rejection of this claim. 



In view of the above, each of the presently pending claims in this application is believed 
to be in immediate condition for allowance. Accordingly, the Examiner is respectfully requested to 
pass this application to issue. If the Examiner has any questions or concerns, the Applicant 
encourages the Examiner to contact the Applicant's representative, Bruce Black, by telephone to 
discuss the matter. 



Dated: September 18, 2007 Respectfully submitted, 

Bruce E. Black 

Registration No.: 41,622 
DARBY & DARBY P.C. 
P.O. Box 770 
Church Street Station 
New York, New York 10008-0770 
(206) 262-8900 
(212) 527-7701 (Fax) 
Attorneys/ Agents For Applicant 
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Only the last term (the 1 in the last bracket) is the contribution of 
the V«» term of the wave equation (2). 

Group Velocity 

The term with A/k in (15) is usually very small for small values 
of p so that the change of the propagation constant, that is 
caused by the Vn* term of the wave equation, is not very signifi- 
cant. However, its contribution to the group velocity is of more 
importance. We obtain the inverse group velocity l/<? with the 
help of (15) 

so that the group velocity assumes the approximate form 

^i{ l -^ lQ, + if + il }- (I7) 

For the lowest order mode with p = 1 the Vn s term causes a 
change in v - c/« 0 of 44 percent. For the second-order mode 
with p » 2 this change is only 16 percent and decreases rapidly 
with increasing mode number. 

COMCLUStONS 

We have studied the influence of the Vn s term on the propaga- 
tion constants of the modes of the square-law medium. We con- 
clude from this investigation that this term has a slight influence 
on the group velocity of the lowest order modes. However, for 
these modes the group velocity is very nearly equal to c/n» so that 
the slight change of the additional term is not very important. 
For higher order modes the influence of the Vn* term becomes 
even less significant. Thus we conclude that the solutions of the 
reduced wave equation (3) provide an approximation to the 
solutions of the exact wave equations (1) or (2) that is sufficiently- 
accurate for most practical applications. 
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Recovery Time of Saturable Absorbers for 1.06 n 

D, VON DER LINDE AND K. F. RODGERS 

A bstract— 1 he r *«»> ery tint* of a new saturable absorber suitable for mode 
locking of neixlymiutn hs<*<s has been measured and compared with the 
recovery of t»o common!) used saturable dyes (Eastman 9740 and 9860). 

The prospect of obtaining picosecond and subpicosecond light 
pulses of high power from passively mode-locked lasers hascreated 
interest in saturable absorbers having recovery timesoftheorderof 
10" la s or shorter. For example, to achieve complete mode locking 
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ofthe total gain-bandwidth of Nd : glass lasers (&t>, * 3 X lO"*"') 
a saturable absorber with a recovery time r * l/A», * 0. 3 X 10" ,s s 
is needed. The relaxation of two commonly used saturable dyes for 
X = 1.06/1 (Kodak 9740 and 9860) has been studied previously by 
several workers under different experimental conditions. The 
relaxation times of the relevant excited states were found to be ap- 
proximately 10 »s(8-25psfor9740Il], [3], and 6-9 ps for 9860 [2], 
PJ). During the search for faster relaxing systems, we have in- 
vestigated the recovery of a new saturable dye (dye 1) of similar 
structure which was believed by the manufacturer to have a very 
short recovery time. 1 We also have remeasured the recovery of 
9740 (dye 2) and 9860 (dye 3) for the same experimental condi- 
tions to allow a comparison of the three saturable dyes. 

Our experimental method is similar to techniques used 
previously for the measurement of the recovery of saturable ab- 
sorbers[l], [2], and for the study of vibrational lifetimes [4]. The ex- 
perimental system is shown in Fig. 1 . An intense pulse train (pulse 
separation 10 ns) from a mode-locked Nd : glass laser is used to 
saturate the absorption of the dye solution under study. A small 
fraction (* 10"*) of the same pulse train serves as a probe for 
measuring the transmission of the sample at various delay times 
after excitation by the strong beam. Care was taken to maintain 
complete spatial overlapofthecross section of theprobe beam with 
the pumped volume of the sample when the probe delay was 
changed. In order to measure the transmission at constant 
bleaching conditions, we measured only one pulse out ofthe total 
incident probe train, and the corresponding pulse in the 
transmitted train for evaluation of the transmission. This parr of 
pulses was chosen from the very front of the pulse train, and the 
energy of the selected bleaching pulse was kept constant to within 
1 0 percent. The pulse energy was measured with a detection system 
of 500-ps time resolution. 

The selection of a single pulse ensured that we were working with 
well-defined light pulses of about 5-6-ps duration with ap- 
proximately Gaussian shape [5]. The peak power density of the 
bleaching pulses was about 300 MW/cra'. The measurements were 
performed with solutkmsof the dyes in dichloroethane, adjusted to 
an initial transmission of 7„ = 2 percent, irradiating the samples 
with bleaching pulses of 300 MW/cm* increased the transmission 
to approximately 40 percent. The maximum transmission was 
observed at a delay time of about 10 ps. At larger delay times the 
transmission decreased and approached theinitial value T 0 with a 
characteristic time constant. The measured transmission curves for 
the three dyes are shown in Fig, 2. The logarithm of thenormalized 
energy transmission, In (T/T<,), is plotted versus delay time i„. The 
experimental points represent an average value of typically 15 
measurements. The error bars indicate the respective standard 
dev iations. The measured energy transmission is related to thecon- 
volution of the probe pulse with the instantaneous transmittanee 
induced by the strong pump pulse. For excitation and probing by 
Gaussian-shaped pulses, the convolution at long delays directly 
traces thedecay ofthe material excitation, even ifthcpulseduration 
i g is of the same order as the decay time r [41 (in the present ex- 
periment: ip/r £0.9). The measurements indicate an exponential 



■ We are fateful to K M Dretbage ol Eastman Kodak forin.ikingtheirnewdyeO) 
available to us. 



961 




Fig. 2. loganlr-n fine Pleasured transmission as a fjnclioc >f the delay i if thi 
P '„h, Dye 1 (right scale). (b)Dyt 2 {9740, left Kale), (c) Dye 3 W«, left 



decay of the concentration of excited molecules forf a > 20 ps, and 
the recovery times of the absorbers are obtained from the slope of 
the respective transmission curve. Accurate vaiues of r were ob- 
tained in the present experiment because a decay by more than a 



factor of 10 of the number of excited molecules has been measured. 
It turned out that dye 1 recovers only slightly faster than 9740: We 
found r = (10± I ) ps for dye l.andr - (11 ± 1 ) ps for 9740. For 
9S60 we measured r » (7 ± I) ps. 

Measurement of the dependence of absorption saturation on 
the incident power showed that the three dyes all have the same 
saturation characteristic (within experimental accuracy AT ■ ±5 
percent). This result confirms that the recovery times are very 
similar (the absorption cross sections do not differ significantly). 

No information on structural details of the studied dyes was 
available. Therefore, an interpretation of the measured differences 
of the recovery times is not possdble at the present time. 
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